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© Compositions, articles and methods for scavenging oxygen. 

© A composition for scavenging oxygen is disclosed. The composition comprises an ethylenically unsaturated 
hydrocarbon and a transition metal catalyst and can be incorporated into various types of layers. It is preferable 
that the composition be incorporated into layers of multilayered articles used for packaging oxygen-sensitive 
products such as food products. 
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for 7 C— ^ Ration USSN 67 , 419 filed April 2 , 

entirety. 003 ,0f Scaven 9' n 9 Oxygen", incorporated herein by reference in its 
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ev.dent from the disclosure below the term "o,™ i a V . d a " d bevera 9e Products. As will be 
Background of the Invention 

to oxygen maintains and 

oxygen sensitive food products in a packaoL svst^ L Z ' ? y " mi,ing the ex P^ure of 

food spoilage is avoided. In addition S ^SST^ q V ^ Pr ° duCt is maintaif ^ and 
reducing costs incurred from waste -nS^^S^^^? ^ inV9n, ° ry ^ ^ 
means for regulating oxygen exposure hav ZT JI I* ^ Packaging industry, several 

atmosphere packaging (MAP, and oxygen ^LfZVZno ^ ^ ^ inC ' Ude m ° di,ied 

whereby the package for the food 

Breene, "Application of 'Active Packaging^^ *» Labuza and 

and Extended Shelf-Life Foods." Journal of FooTp^eSn an P Quali * of Fresh 

The inclusion of oxygen scaven gers within t^S SSS^^' ^ 13 ' PP ' 1 - 69 < 1989 >- 
Typically, such oxygen scavengers are in the kZJSZ^JT** fcn " ° f 3C,ive P«*^n8- 

the oxygen through oxidation reactions One sale t LoSnl I C ° nta ' n 3 com P ositi °" which scavenges 
ferric states. Another type of sachet c^SSSXv^K C ° mP ° Siti ° nS WhiCh ° Xidi2e t0 their 
S. Patent 4,908.151. Yet another sachet contains metal ool!fmiHo 0 " * PMaXe adsorbent - See U. 

However, one disadvantage of sachets he n^Tamll^ *** ^ 90/00578 - 
to each package. A further disadvantage arising from m 1™ T P h 9 ' n9 ° Perati ° ns ,0 add the sa chet 
conditions (e.g.. high humidity, low ioT^ZT^Z^ " "* Carta,n a,mos P heric 

scavenging to occur at an adequate rate P 9 are some,i ™s required in order for 

* the ^^^^^^^7^ — ng an o.ygen scavenger into 
rather than by addition of a separate'scaveng "ZTe lea TslT? J*" - ^ PaCKa9e itse " 
scavenging effect throughout the package is achieved Itth ' '° ,he PaCkage ' a more unif °™ 
restncted air flow inside the package. In addition such lIH r eSPeCia " y imp0r,ant wnere fere is 
and scavenging oxygen as it is passing i^fi^^T^^ 3 means ° f Opting 

<o oxygen barrier",, thereby maintaining the lowest : n«LSt " (h6rein re,erred t0 as an "active 

One attempt to prepare an oxvnln £ P ° Xy9en ,evel throughout the package 
and/or salts, si ^^SX^^^J^^ * ^ganic powders 
these powders and/or salts causes degradation oi The wail's trf, °' 8 ° 2 - H0W6Ver - '""^ration of 

as tear strength. In addition, these compounds can feed o meChaniCa ' properties su ch 
« fabncation of thin layers such as thin films Even Sm foe J» " 9 especial, V ifl the 

compounds appear to be unsuitable for many commerrL, SCaven9 ' n 9 rates *>r walls containing these 
those in which sachets are employed commeraal oxygen-scavenging applications, e.g. such as 
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^^^tt£ZEZ terrr™ and ™™ * - - 

These patent applications disclose incorporating a nSSSSSS P ^ °*™ s ™™»9"9 wall, 

t e package wall. Through the catalyzed oxidatL 7Z oZ^ TT SyS,6m in, ° 

of oxygen which reaches the cavity of the packao faclJ « '^ package wall regulates the amount 
oxygen scavenging rate capabilities up ro S^JSZSS^T *" been fep0rted ,0 nave 
at amb,ent conditions. However, this system does sSfe ? T <CC) ° Xy9e " per square me « ef P^r day 
One particularly limiting disadvantage of the Si ZT ?" disadvanta 9^. ' 
9.ng. European Application 301.719 (Exempt 7 ^ s^T a / f ' S ' ,S ra,e °' scava "" 
package containing air produces a package which s noT oenS, add '" 9 , these mate "als to a high-barrier 
- of less than 0, % (starting with a. =0; ygen 
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typically required for headspace oxygen scavenging applications. See Mitsubishi Gas Chemical Company, 
Inc.'s literature titled "AGELESS®-A New Age in Food Preservation" (date unknown). 

Further, in regards to the incorporation of the polyamide/catalyst system into the package wall, 
polyamides are typically incompatible with the thermoplastic polymers, e.g. ethylene-vinyl acetate 

5 copolymers and low density polyethylenes, typically used to make flexible package walls. Even further, 
when polyamides are used by themselves to make a flexible package wall, they may result in inappropri- 
ately stiff structures. Polyamides also incur processing difficulties and higher costs when compared with the 
costs of thermoplastic polymers typically used to make flexible packaging. Even further, they are some- 
times difficult to heat seal. Thus, all of these are factors' to consider when selecting materials for packages, 

io especially flexible packages and when selecting systems for reducing oxygen exposure of packaged 
products. 

Summary of the Invention 

75 It is an object of the invention to obtain a composition which is effective as an oxygen scavenger and is 
suitable for incorporating into layers used in articles containing oxygen-sensitive products. 

It is a further object to obtain an oxygen scavenging composition which is compatible with the materials 
typically used to prepare such layers. 

It is also an object to obtain compositions for scavenging oxygen which can be used in a flexible layer 
20 in a multilayer article containing oxygen-sensitive products. 

It is a further object of the invention to provide a novel composition suitable for use in packaging of food 
and beverage products. 

It is thus an even further overall object of the invention to overcome the above-mentioned disadvan- 
tages of previously used oxygen-scavenging methods. 
25 The above-mentioned objects are obtained from a novel composition comprising: 
(a) an ethylenically unsaturated hydrocarbon and 
(b> a transition metal catalyst. 

When the composition is incorporated into a layer such as a film layer, novel articles for packaging 
oxygen-sensitive products can be prepared therefrom and thus provide a new method for limiting the 
30 exposure of such products to oxygen. The articles used in those methods limit the oxygen exposure by 
acting as an active oxygen barrier and/or acting as means for scavenging oxygen from within the article. 
The above-mentioned goals and others will be apparent from the description that follows. 

Description of the Invention 

35 

The invention can be used in packaging articles having several forms. Suitable articles include, but are 
not limited to, rigid containers, flexible bags, or combinations of both. Typical rigid or semi-rigid articles 
include plastic, paper or cardboard cartons or bottles such as juice containers, soft drink containers, 
thermoformed trays or cups which have wall thicknesses in the range of 100 to 1000 micrometers. Typical 

40 flexible bags include those used to package many food items, and will likely have thicknesses of 5 to 250 
micrometers. In addition the walls of such articles often comprise multiple layers of material. This invention 
can be used in one, some or all of those layers. 

Though it may be preferable from the standpoint of packaging convenience and/or scavenging 
effectiveness to employ the invention as an integral part of the package wall, the invention can also be used 

45 as a non-integral packaging component, e.g. coatings, bottle cap liners, adhesive or non-adhesive sheet 
inserts, sealants or fibrous mat inserts. 

Besides packaging articles for food and beverage, packaging for other oxygen-sensitive products can 
benefit from the invention. Such products would be pharmaceuticals, oxygen sensitive medical products, 
corrodible metals or products such as electronic devices, etc. 

so The ethylenically unsaturated hydrocarbon (a) may be either substituted or unsubstituted. As defined 
herein, an unsubstituted ethylenically unsaturated hydrocarbon is any compound which possesses at least 
one aliphatic carbon-carbon double bond and comprises 100% by weight carbon and hydrogen. A 
substituted ethylenically unsaturated hydrocarbon is defined herein as an ethylenically unsaturated hy- 
drocarbon which possesses at least one aliphatic carbon-carbon double bond and comprises about 50% - 

55 99% by weight carbon and hydrogen. Preferable substituted or unsubstituted ethylenically unsaturated 
hydrocarbons are those having two or more ethylenically unsaturated groups per molecule. More preferably, 
it is a polymeric compound having three or more ethylenically unsaturated groups and a molecular weight 
equal to or greater than 1,000 weight average molecular weight. 
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to. zrsszz h r carbons inc,ude - b - « « 

butadienes. which are defined -I ZTi££iSf n y,S ^ ) ' P ° lybutadie "e (especially 1.2-poly- 
microstructure). and copolymers th^^S 0 ^^^^^*^ 9 ^ k*" " ,0 5 ° % 12 

5 compounds such as polypentenamer. polyoctenamer an Xr " . hydr ° Carb ° ns 3,50 inc,ud « P^^ric 
d.ene oligomers such as squalene; an polymers or nonll * f^** Pr6Pared by 0,e,in metathesis; 
nadiene. 5-e.hylidene-2-norbornene or ot^ ZlZ l^ " ^ ^ dicvclo Pentadiene. norbor- 
bond (conjugated or non-conjugated ^ th3n ° ne ca *°n-carbon double 

Preferred substituted ethylenica y uZS^Z^^IT Car ° ten ° idS SUCh 35 
» oxygen-containing moieties, such as 'esters c a ZX^Z T » ™ "* * thMe ^ 

ides, and/or hydroperoxides. Specific examZTTsuT^ I ' ^ ket ° neS ' alcohols ' 
condensation polymers such as polyesters denied from 1^ ^ ' nC ' Ude ' bUt 3re not limite d to, 
unsaturated fatty acids such as oleic TcmIT^ZT^ T*'™ 9 carbor " ca rbon double bonds 
thereof, e.g. esters. Such hydrocarbonrSso l^l nT ™' C ' *" ^ acids and derivatives 
'5 (meth)acrylates. a ' S ° ,nclude P° lvmers or copolymers derived from (methJaHyl 

ethyle^ca^ * two or more of the substituted or unsubstitu.ed 

trans' ~£ T^TT* ^ " ~ * — - 

» described above. For mos, applications where JS»^ h *^ r B T * PaCka9 ' n9 artic,es 
transm.ssion of visible light is acceptable ansparencv ,s necessary, a layer which allows at least 50% 

espeS ^^^Z^^^S t0 ^ 1 - 2 ~- > 

eel properties and processing characteristics sS to £Z n T^T 6Xhibit ,rans P are ncy. mechani- 
cs found to retain its transparency and mechan^^ «* polymer is 
been consumed, and even when little or no diluent S.^L2Tf ° Xy98n Capaci,y has 

M.s.:r capaci * - - ■ 

Sh^a A , Kochi, , K, 

««/53^-j2j; of z ^^^^8^J2; with ,* e metai se,ected **« *» ** second or 

» i~n .. or III, cobatt I, or .„. nickel II or , ' coppe , ort Z "* m ^ t0 ' man 9 a "ese I, 0 
state of the metal when introduced is no t mSSL K ^ ha, of • " T ^ ruthenium " The oxidation 
nickel or copper, more preferably manJm^T^T , k? 3 6 f ° rm ' The me,al is P refe rably iron 
include, but are not limited to. 'chloride ^^J^^?*^^ 
naphthenate. Particularly preferable salts includTcoS t 2 e hJh ' 2 - e,hy,ne * an ° a te- neodecanoate or 

:rr e an — * -.s&rctfffK 

as pSssk ssp^^ r rein (a) is a poiym - — «* 

d.rectly from (a). On the other hand, (a) aTd I ransS ™J? Iypentenam er. etc.. the layer can be prepared 
or more polymeric diluents, such as SLZS^HZ^ Tl* (b) be ,Urther combin ed with one 
Plastic packaging articles. Even in vT^Tta^TZrl , ? ^ t0 ,0 ™ h 

sometimes suitable to include one or n^J^ ^S^ ** po,vbu tadiene it is 

P3C ^ ^ «ne manufacture of certain 

Selecting combinations of diluent and fa> ti^nZ 1 Polymer.c diluent, 
used as the diluent include, but a" "o imtdTo po ^ye^ 1^ f 5 '^- P0,ymerS Whicb ca " b e 
very low density polyethylene, ultra-low densi y SSSl T**?* (PET >' PO'yethy.ene. low or 
propylene, polyvinyl chloride, polystyrene anTeSl' ', * '° W densi,y Pe'yethylene, poly- 
ethy.ene-a.ky. (meth,acry.ates. i%e^eCnTS STST 38 ethylene - vi "y' ^etate. 
"9-darUdes such as beverage container^ ^PET 1 ^^^T^***** 10 add ionomers - 
different di.uents may also be used. However L Seated a t T^, APP "' Ca,i ° n 301 ' 719 - Ble nds of 
;ar 9 e,y depends on the article to be ^^^^ ^ ^ ~S 

■ a -en, polymer such as a thermoplastic is employed, it should further be selected according to its 
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compatibility with the ethylenically unsaturated hydrocarbon selected for (a). In some instances, the clarity, 
cleanliness, effectiveness as an oxygen scavenger, barrier properties, mechanical properties and/or texture 
of the article can be adversely affected by a blend containing a polymer which is incompatible with (a). For 
instance, it has been found that when (a) is dehydrated castor oil, a less "greasy" film is prepared from a 
5 blend with ethylene-acrylic acid copolymer than with ethylene vinyl acetate copolymer. 

Further additives may also be included in the composition to impart properties desired for the particular 
article being manufactured. Such additives include, but are not necessarily limited to, fillers, pigments, 
dyestuffs, antioxidants, stabilizers, processing aids, plasticizers, fire retardants, anti-fog agents, etc. 

The mixing of the components listed above is preferably accomplished by melt-blending at a tempera- 
w ture in the range of 50 *C to 300 # C. However alternatives such as the use of a solvent followed by 
evaporation may also be employed. The blending may immediately precede the formation of the finished 
article or preform or precede the formation of a feedstock or masterbatch for later use in the production of 
finished packaging articles. When making film layers or articles from oxygen-scavenging compositions, (co>- 
extrusion, solvent casting, injection molding, stretch blow molding, orientation, thermoforming, extrusion 
75 coating, coating and curing, lamination or combinations thereof would typically follow the blending. 

The amounts of (a), (b), optional polymeric diluents and additives, vary depending on the article to be 
manufactured and its end use. These amounts also depend on the desired oxygen scavenging capacity, the 
desired oxygen scavenging rate, and the particular materials selected. 

For instance, the primary function of (a) is to react irreversibly with oxygen during the scavenging 
20 process, and the primary function of (b) is to facilitate this process. Thus, to a large extent, the amount of 
(a) will affect the oxygen capacity of the composition, i.e., affect the amount of oxygen that the composition 
can consume, and the amount of (b) will affect the rate at which oxygen is consumed. It also thus follows 
that the amount of (a) is selected in accordance with the scavenging capacity needed for a particular 
application, and the amount of (b) is selected in accordance with the scavenging rate needed. Typically, the 
25 amount of (a) may range from 1 to 99%, preferably from 10 to 99%, by weight of the composition or layer 
in which both (a) and (b) are present (herein referred to as the "scavenging component", e.g., in a 
coextruded film, the scavenging component would comprise the particular layer(s) in which (a) and (b) are 
present together). Typically, the amount of (b) may range from 0.001 to 1% (10 to 10,000 ppm) of the 
scavenging component, based on the metal content only (excluding ligands, counterions, etc.). In the event 
30 the amount of (b) is about 0.5% or less, it follows that (a) and/or the diluent will comprise substantially all of 
the composition. 

If one or more diluent polymers are used, those polymers may comprise, in total, as much as 99% by 
weight of the scavenging component. 

Any further additives employed would normally not comprise more than 10% of the scavenging 
35 component, with preferable amounts being less than 5% by weight of the scavenging component. 

As mentioned above, the oxygen scavenging composition may be used in a flexible or rigid single layer 
or multilayer article. The layers comprising the composition may be in several forms. They may be in the 
form of stock films, including "oriented" or "heat shrinkable" films, which may ultimately be processed as 
bags, etc. The layers may also be In the form of sheet inserts to be placed in a packaging cavity. In rigid 
40 articles such as beverage containers, thermoformed trays or cups, the layer may be within the container's 
walls. Even further, the layer may also be in the form of a liner placed with or in the container's lid or cap. 
The layer may even be coated or laminated onto any one of the articles mentioned above. 

In multilayered articles, the oxygen scavenging layer may be included with layers such as, but not 
necessarily limited to, "oxygen barriers", i.e. layers of material having an oxygen transmission rate equal to 
45 or less than 500 cubic centimeters per square meter (cc/m 2 ) per day per atmosphere at room temperature, 
i.e. about 25 *C. Typical oxygen barriers comprise polyethylene vinyl alcohol), polyacrylonitrile, polyvinyl 
chloride, poly(vinylidene dichloride), polyethylene terephthalate, silica, and polyamides. Copolymers of 
certain materials described above, and metal foil layers, can also be employed. 

The additional layers may also include one or more layers which are permeable to oxygen. In one 
so preferred embodiment, especially for flexible packaging for food, the layers include, in order starting from 
the outside of the package to the innermost layer of the package, (i) an oxygen barrier layer, (ii) a layer 
comprising the invention, i.e. the scavenging component as defined earlier, and optionally, (iii) an oxygen 
permeable layer. Control of the oxygen barrier property of (i) allows a means to regulate the scavenging life 
of the package by limiting the rate of oxygen entry to the scavenging component (ii), and thus limiting the 
55 rate of consumption of scavenging capacity. Control of the oxygen permeability of layer (iii) allows a means 
to set an upper limit on the rate of oxygen scavenging for the overall structure independent of the 
composition of the scavenging component (ii). This can serve the purpose of extending the handling lifetime 
of the films in the presence of air prior to sealing of the package. Furthermore, layer (iii) can provide a 
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= ^ba^^ coati "9 «nd*r lamination. In addition ,o 

any of the layers listed above Composit ion Tsui Lbt I T SUCh 35 adhesive ™V be adjacent to 

such as anhydride functional po.yolS * ** 3dheS ' Ve ' 3yers inc,ude *o» we., LownT the a rt 

« sealed container. For instance, a film oompSSS «£ J? P ^ 3 C6rtain amount °' oxygen from a 
sealed container of a certain oxygen oSSSn^ST 8 '" 8 C ° mP ° nent C3n be P laced »" « aiSht 
by volume. Then, over a period of tiZ sZteX *^ T ^ tyPiCa " y COntains 2 °"^ «S ' 
oeiermme the percentage of oxygen remaining «™°spnere '"side the container are removed to 

- CO. rate can be as ,ow as 0.05 cc ox yge n 

However, the composition of this hSJtaS^iSS? , 31 25 *° 3nd at 1 Sphere press ure 
Per gram of (a, per day, thus making it mZlT^SSf **" "** * °' cc oxygen 

suitable for active oxygen barrier applications The com„„T 9 ° Xy9en ^ W,fhin a P**«0e. as well as 

» eQU ll°rTT r 5 0 " 02 ^™™'<^ Z " ^ C3P3b,e ° f m ° re Parable ^ 

20 Generally, f,| m layers suitable for use ac J 

see as • ~ '^^Z^™ 

been found that the scavengino rate d . L « tem Perature at which it is stored In actual T£ 1 

m wj^sp ! - ss - ~ 

2 2 ,7""?' °' 0X,3e " """>' »—« * «» pacta. 



35 



40 



EP 0 507 207 A2 



Time 


% Oxygen 


(Days) 
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20.6 
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0.04 


2 I 


0.01 
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0.00 
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For these examples, the following formulations were prepared in a BRABENDER® mixing chamber 
Films were prepared by pressing in a CARVER® heated lab press. The films tested were in the range of 2- 
4 g and were 8-15 mils thick. The films were sealed in barrier bags, which were inflated with 130 cc of air. 
The bags were inflated by means of a needle through an adhesive rubber strip, which also allowed the 
removal of 4 cc gas samples. No allowance was made for the decrease in volume. 

The polymers tested were LOTRYL® 3600 ethylene-butyl acrylate having 30% by weight butyl acrylate 
and 3610 ethylene-methyl acrylate having 29% methyl acrylate from Sartomer-Atochem Co.; PRIMACOR® 
5980 ethylene-acrylic acid having 20% acrylic acid from Dow Chemical; and 1 ,2-polybutadiene from 
Scientific Polymers Products, Inc.. All of the samples tested contained 15% by weight CASTUNG® 103 GH 
dehydrated castor oil from Caschem Co. and a cobalt (NOURY-DRY® solution) loading of 500 ppm. In the 
following table, the induction period is the time elapsed in days before the film exhibited oxygen scavenging 
properties. The time (days) it took for all of the oxygen to be consumed (0.000) and the length of time 
(days) over which the film was tested are also recorded below. 



Example 


Polymer 


Castor 


Induction 


Days to 


Days Running 










(days) 


0.000 








Oil(a) 


Co(ll)(b) 
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Lotryl 3600 


15% 


500 


1 i 


4 


63 
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Lotryl 3610 


15% 


500 


1 


8 


64 


7 


Primacor 5980 


15% 


500 


1 


c 


28 


8 


1 ,2-Polybutadiene 


15% 


500 


3 


d 


33 



30 



35 



b. - in ppm 

c. - oxygen level at 0.43% 

d. • oxygen level at 2.38% 
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Conditions Affecting Oxygen Scavenging 

The atmospheric conditions under which the oxygen scavengers were tested were varied to simulate 
the packaging of moist and dry products as well as some modified atmosphere packaging (MAP) 
conditions. See footnotes b and c of the following table. Temperature was varied as well. These tests were 
conducted with 130 cc of the atmospheres specified in the table below. The examples were prepared 
according to the method described for Examples 5-8. The compositions all contained 500 ppm cobalt from 
NOURY-DRY® solution, and as indicated below, all samples except those in Examples 17-18 contained 
ethylene-vinyl acetate, i.e. EVA-9 and EVA-28. Examples 17-18 illustrate films containing LOTRYL® 3610 
ethylene-methyl acrylate and 3600 ethylene-butyl acrylate. All samples contained either 15% or 25% by 
weight CASTUNG® 103 GH dehydrated castor oil. The induction period, the time elapsed before all of the 
oxygen was consumed, and the length of time over which the film was tested were also recorded 
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Polymer 


Castor Oil 
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EVA-9 


25% 


10 . 


EVA-28 


15% 


11 


EVA-9 


25% 


12 


EVA-28 


15% 


13 


EVA-9 


15% 


14 


EVA-28 


25% 


15 


EVA-9 


15% 


16 


EVA-28 


25% 


17 


Lotryl 3610 


15% 


18 


Lotryl 3600 d 


15% 
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Variations I Gas 



1 mL H 2 0 
1 mL H 2 0 
10 gm Dessicant 
10 gm Dessicant 
40% RH 
42% RH 
40% RH 
42% RH 
Room Temp. 

-5-C 

Air, i.e. 20.6% Cfe 
3.1% 0 2 . Balance N 2 
0.93% Oz. 30.3% C0 2 Balance N 2 

temperature. 



a 
a 
a 
a 
b 
b 

c 

c 

a 

a 



Induction 
(Days) 



1 

5 

1 

1 

1 

1 

1 

3 

<1 

<1 



Days to 0.000 



17 
25 
6 
11 
4 
8 
4 
8 
8 
13 



Days Running 



30 
27 
28 

27 

31 

32 

30 

32 

65 

65 
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Except for Example 26. films illustrated in these Fvamn.** 
descnbed in Examples 1-4 and tested as SJ^JfSSL^ T™? * ^ 
film using a solvent such as methylene chlorirta Jn ! ^ P 8 ' Example 19 '""strates that castino a 
blended films. Compare with Examples 9-12 Pr ° dUCe eSSenlia "* the sa ™ results seen in meS 

Penod^d *™C*£Z7ZZrj^ 7 *» " « on the induction 
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atmospheric environment in the package. See Examples 9-18. 

As illustrated in the Examples, some embodiments of the invention go through an "induction period" 
before they exhibit oxygen scavenging. It is believed that antioxidants present in commercially available 
materials used to make the invention increases the induction period. For instance, comparison of Examples 
25 and 26; 20 and 28; 21 and 27; and 29 and 30 illustrates increased induction periods. To counter the 
antioxidant and thus decrease its effect, peroxides can be added. Other methods of countering the 
antioxidant would include extracting it prior to fabrication. See Example 25. Even further, materials absent 
antioxidants could be selected to make the invention. 

In order to further illustrate the practice of the present invention and the advantages thereof the 
following examples are provided. However, these examples are in no way meant to be limitive but merely 
illustrative. ' 
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Comparison Example 

A film of poly(ethylene-vinyl acetate) was prepared and tested as follows. A solution of 2 Og ELVAX® 
poly(ethylene-vinyl acetate) having 28% by weight vinyl acetate (EVA-28) from Du Font was prepared in 20 
milliliters (mL) tetrahydrofuran (THF) and 5 mL toluene with warming. Sufficient NOURY-DRY® cobalt 
solution from Akzo Chemicals was added to give a loading of 470 ppm. The resulting formulation was 
solvent cast under nitrogen onto a surface coated with TEFLON® non-stick coating. Afterwards the dried 
film was removed and placed in a 125 mL flask which was stoppered with a rubber septum. Oxygen content 
in the flask was then monitored by removing 4 cc samples with a gastight syringe at various time intervals 
and analyzing the samples using a MOCON® model LC 700F oxygen analyzer. The gas samples removed 
were replaced with nitrogen to maintain atmospheric pressure within the flask. The results are summarized 
below: 



Day 


% Oxygen 


0 


20.6 


3 


20.3 


4 


20.1 


6 


19.7 


10 


19.7 


13 


19.3 



These results illustrate that no detectable scavenging occurred under the test method employed It is 
believed that the observed slight decrease in oxygen level is fully attributable to the sampling procedure 
which involves replacement of the sampled air in the flask with pure nitrogen. 

Example 1 

A solution of 2.16 g of trans-poly(isoprene) from Aldrich was prepared in 65 mL of tetrahydrofuran THF 
nl iAM-rT" 9 ' ? 6 ™ F US6d contained between 1000-2000 ppm of peroxides, as measured with EM 
QUANT® perox.de test strips from EM Science, Inc. Sufficient NOURY-DRY® cobalt solution from Akzo 
Chemicals was added to achieve a loading of 4,400 ppm of cobalt based on the pure metal. A 3.0 mm thick 
wet film was then cast from the resulting solution in a nitrogen atmosphere. The cured film was placed in a 
125 mL Erlenmeyer flask containing air and was stoppered with a rubber septum. Oxygen levels of the 
atmosphere in the flask were measured according to the method described in the Comparison Example 
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Time (Days) 


% Oxygen 


0 


20.6 


1 


20.3 


4 


19.8 


7 


19.1 


11 


0.60 


13 


0.25 


15 


0.15 





0.08 



75 



20 



Example 2 



A solution of 2.0 g of poly(ethylene-vinyl acetate ton* ■ , 



Time 


% Oxygen 


(Days) 


0 


20.6 


1 


20.3 


2 


19.0 


5 


0.32 


6 


0.01 



Example 3 



I Time 


%Oxygen 


[ (Days) 




0 


20.5 




0.02 




0.03 




0.02 



Example 4 
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Example 


Polymer 


Castor OH 


Co(ll) 


Solvent 


Induction 
(Days) 


Days to 0.000 


Dave Rnnninn 




19 


EVA- 40 


25% 


500 


CH 2 C! 2 


2 


8 


56 


5 


20 


trans-Polyisoprene 3 


15% b 


1000 


THF 


14 


17 


58 




21 


c/M ,4-Polybutadiane 


0% 


1000 


THF 


2 


5 


32 




22 


1 ,2-Polybutidiene 


0% 


1000 


THF 


1 


2 


35 




23 


EVA-28 


20% 


500 


THF 


1 


4 


73 




24 


EVA-40 


25% 


500 


THF* 


d 


d 


90 


10 


25 


1,2-Polybutadiene e 


0% 


500 


f 


<1 




16 




26 


1,2-Polybutadiene 9 


0% 


500 


h 


28 


39 


46 



a. scavenging was not noticed when cis-polyisoprene was used; the film resulting from 
trans -polyisoprene was somewhat brittle and opaque. 

b. squalene was used in place of castor oil. 

c. with peroxides (1000 - 2000 ppm). 

d. with 0.15% BHT antioxidant; has not scavenged. 

e. RB830 1 ,2-polybutadiene from Japan Synthetic Rubber which had antioxidant extracted by 
soxhlet extraction with acetone for 48 hours; this polymer was tested in 390 cc air. 

f. 25 mL methylene chloride and 10 ml_ toluene. 

g. 1 ,2-polybutadiene from Scientific Polymer Products, Inc.; believed to contain antioxidants 
typically added to such polymers. 

h. Example 26 was melt blended and pressed. 



Example 27 

The following formulation was prepared in a BRABENDER® mixing chamber: 30 g of low density 
polyethylene from Union Carbide, 10 g of cis-/trans-1,4-poiy butadiene from Scientific Polymer Products Inc 
and sufficient NOURY-DRY® solution to make 500 ppm. The formulation was mixed for 15 minutes at 
130 • C. A film weighing 2-4 g was pressed and tested as in Examples 5 - 8. 



Time (Days) 


Percent Oxygen 


0 


20.6 


3 


20.6 


7 


20.6 


10 


20.0 


11 


17.5 


12 


12.7 


17 


0.000 


21 


0.000 


48 


0.000 


I 70 


0.000 



Example 28 

A film weighing 2-4 g and having the following formulation was prepared and tested as described in 
Example 27: 35.9 g low density polyethylene, 8.9 g trans-polyisoprene, and sufficient NOURY-DRY® 
solution to have 500 ppm cobalt. 
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Time (Days) 


Percent Oxvnpn 


0 


20.6 


4 


20.6 


14 


20.4 


21 


20.4 


28 


18.5 


35 


1.66 


39 


0.000 


59 


0.000 



75 



20 



Example 29 

o f w .ssfssr *- ™x f s~: e t EVA - 28 (28% «-) - » - 

added 0.517 of CASTUNG® 103 GH dehydrated S o W S T T ° the S ° ,ution - 

manganese carboxylate solution from Mooney Chemica to mi sn ' 3 SUfficient amount °' 

we.ght of the combined solids. A film havino a I B ^ TV? PPm man 9 anese r «'ative to the total 
atmosphere. The cured film was seated Tal^f b T C al ^ WaS the " CaSt under a ""rege" 
thereof was monitored periodica,^ as 6es^V^TZl " " * ^ "*° en Coit 



25 



30 



Day 


I % Oxygen 


0 


20.6 


1 


4.9 


2 


0.58 


3 


0.000 


35 


0.000 



Example 30 



35 



40 



45 



50 



To a 50 mL beaker was added 2 08 a nf fva , 
mL of methylene chloride. With t^^ t^^^^ 1 3Cetate f ™ Polysciences Inc. and 25 
added 0.096 g of CASTUNG® 10^ ^^" 0bWned To ,he sol "«on was also 

Mooney Chemical to make 500 ppm mangants £ Te Z? "T? Carb ° Xy ' a,e SC,ution '™ 

1.6 mm was then cast as described in Example 29 S cu ed n 9 *' A f " m havi " 9 a wet «*"•■■ of 
of a, with the oxygen content thereof measur^ ^-^.t ZSlX bl,,,,, "* "* 13 ° « 



Day 


% Oxygen 


0 


20.6 


1 


20.5 


7 


20.0 


13 


19.5 


15 


7.0 


18 


0.000 


31 


0.000 



55 



Example 31 

To a 50 mL beaker was added 2 07 onf i? ™u k ♦ * 
Example 25. along with 20 mL of methyl lo^T^, "V™ ^ as " 

homogeneous solution was obtained. Sufficient manganese ^1 ^ was warmed ""«' a 

- «~ 500 ppm Mn (as meta,, A 1, mm thick ^^^Z^^^ 
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cured film was placed in a barrier bag inflated with 390 cc of air. Headspace oxygen level was monitored as 
described above. 



10 



15 



Time (Days) 


% Oxygen 


0 


20.6 


1 


20.6 


8 


20.6 


12 


4.8 


13 


2.8 


14 


1.12 


16 


0.013 


20 


0.000 


26 


0.000 



Example 32 

20 A masterbatch containing cobalt was prepared by a continuous compounding and a pelleting 
operation. Thus, a dry blend of polyethylene vinylacetate), vinylacetate 9% (EVA-9). containing 2 3% by 
weight pellets of TEN-CEM® cobalt (22.5% cobalt by weight) catalyst from Mooney Chemicals was placed 
•n the hopper of a BRABENDER® counter-rotating, intermeshing, twin screw extruder, equipped with a 
strand die. The extruder was maintained at 120*C, with the die at 110* C. The resulting strand was fed 

25 ,hrou 9 h 3 water bath to cool and was dried with an air knife. The strand was then fed into a pelletizer. 

Example 33 

A 2-4 g pressed film of the following formulation was prepared as described in Example 27- 26 0 g low 
3Q density polyethylene, 10.0 g of poly(styrenebutadiene) (23% styrene) from Scientific Polymer Products and 
4 g of the masterbatch prepared according to Example 32. The film was tested as described in Examples 5- 
8, except that 390 cc of air was used. 



35 



40 



45 



50 



Time (Days) 


% Oxygen 


0 


20.6 


3 


19.7 


4 


18.7 


5 


16.8 


7 


12.3 


11 


5.9 


14 


3.3 


17 


2.11 


19 


1.89 


21 


1.11 


24 


0.79 


27 


0.53 


31 


0.38 



While the invention has been described with preferred embodiments, it is to be understood that 
variations and modifications may be resorted to as will be apparent to those skilled in the art Such 
variations and modifications are to be considered within the purview and the scope of the claims appended 



55 Claims 

1. A composition suitable for scavenging oxygen, wherein the composition comprises 
(a) an ethylenically unsaturated hydrocarbon and 
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(b) a transition metal catalyst. 

5 

a a C o mp „ sito ^ „ Claim , ^ (a) , s a suMtu(ed e%|en|ca% msatMM 

4. Aco m pos,«„„ KC o«„ 9 ,o C,a im , „ herein „ „ „ unsuteWu , ea e%|enjca||y onsatMed 

70 

5 - ^r^x^x^ 1 " ,te — — ~ 

7. A composition according to Claim 4 wherein /=>. i* ™i • 

or a butadiene copolymer. W poiy,s °P rene ' P°'ybutadiene. an 

isoprene copolymer 

20 

8- A composition according to Cairn 7 wherein (a) is 1 ,2-po.ybutadiene. 

9- A composition according to Claim 1 wherein (a) is squalene. 

« 10. A composition according to Claim 1 wherein (a) is dehydrated castor oil. 

11. A composition according to Claim 1 wherein th* 

unsaturated hydrocarbons (a). "* conr, P oslt '°" comprises a mixture of ethylenical.y 

» 12. A composition according to Claim 1 wherein (b) is a metal salt. 

13. A composition according to Claim 12 wherein said metal is cobalt. 
^ 14. A composition according to Cairn 12 wherein said metal is manganese. 

15- A composition according ,o Cairn 12 wherein <b) is cobatt neodecanoa(e „ ^ 
16. A composition according to Cairn 12 wherein (b) is a manganese carboxylate. 
40 0^^^^^ - ^ (b) is present in an amount ranging from 
18- A composition according to Cairn 1 wherein said composition is solid at room temperature 

#1lA COmPOSiti ° n aCCOrdi " 9 t0 C ' aim 1 — ~ C ~ » « e for maxing a transparent tayer 
20. A layer suitable for scavenging oxygen comprising 
a an ethylenically unsaturated hydrocarbon and 
(D) a transition metal catalyst 

50 

«■ a , ay „ ^ , 0 c,„ m 20 ^ „ „ . suBsllMM ethyfen|Mi|y unsaiurtted 

55 

- A tey8r ^ , 0 CMm 20 „„ ereln ,„ ft) ls ^ unsubsmutea M ^ 

«• A , ay e, ^ „ c,a, m „ — . lhe ^ elhylenlca% _ hydrocarton ^ 
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an oxygen-containing moiety. 

25. A layer according to Claim 24 wherein the oxygen-containing moiety is a member of the group 
cons.st.ng of esters, carboxylic acids, aldehydes, ethers, ketones, alcohols, peroxides and hydroperox- 

5 ides. 

26. A layer according to Claim 23 wherein (a) is polybutadiene, polyisoprene, an isoprene copolymer or a 
butadiene copolymer. 

w 27. A layer according to Claim 23 wherein (a) is 1.2-polybutadiene. 

28. A layer according to Claim 20 wherein (a) is squaiene. 

29. A layer according to Claim 20 wherein (a) is dehydrated castor oil 

30. A layer according to Claim 20 wherein (b) is a metal salt. 

31. A layer according to Claim 30 wherein said metal is cobalt. 

20 32. A layer according to Claim 30 wherein said metal is manganese. 

33. A layer according to Claim 30 wherein (b) is cobalt neodecanoate or cobalt 2-ethylhexanoate. 

34. A layer according to Claim 30 wherein (b) is a manganese carboxylate. 

35. A layer according to Claim 20 wherein said layer in addition comprises polymeric diluent. 

36. A layer according to Claim 35 wherein said diluent is a thermoplastic polymer. 

30 37. A layer according to Claim 36 wherein said thermoplastic polymer comprises a member of the group 
consisting of polyethylene and ethylene copolymers; polypropylene and propylene copolymers- poly- 
styrene and styrene copolymers; and a blend of any of the above. 

38. A layer according to Claim 36 wherein said diluent comprises up to 99% by weight of the layer. 

35 ~ * 

39. A layer according to Claim 20 wherein said layer is adjacent to one or more additional layers. 

40. A layer according to Claim 39 wherein at least one additional layer is an oxygen barrier. 

40 41. A layer according to Claim 40 wherein said oxygen barrier comprises a member of the group consisting 
of po.y(ethy ene-vmy. alcohol), po.yacrylonitrile. polyvinyl chloride), po.yamides. po.y^nylidene dichlo 
ride), polyethylene terephthalate). silica and metal foil. 

« s A ai7la y e a r CC ° rdin9 l ° C ' aim " Wherei " " ^ ° f B>W additi ° na ' ' 3yer ° r ,ayers is "extruded with 

43 " sai^ayeT 00 ^" 19 * ^ 39 Wherei " * ° f S3id addi,i ° nal layer 0r ,ayers is ,amina,ed onto 
so 44. A teyer according to Claim 39 wherein one or more of said additional layer or layers is coated onto said 

45. A layer according to Claim 20. wherein said layer is flexible. 
55 46. A layer according to Claim 20 wherein said layer is transparent. 

47 ' Qaimslo ' 0 46 PaCka9i " 9 OXy9en - SenSitive products wherein the article comprises a layer according to 
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49. An article according to Claim 47 whpr^n c a ;n u 

70 ( b ) a transition metal catalyst. 

- - A mettoa M9 „ c , aim 50 ^ ^ te ^ a iw ^ ^ ^ ^ ^ 



« A ™, hM according „ c , a , m so ^ ^ me(toa wvMs ^ o) ^ ^ 
56. »«« Mng to Claim „ ^ s>ld ^ rfduces w 



an article, 
oxygen present within an 
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